The objectives of this article were to design a low-cost three-phase AC voltage measurement circuit and new Android smartphone application to monitor the measuring voltage from a safe distance. The smart distance power electronic measurement (SDPEM) system was designed based on an Arduino UNO R3 board used as a microcontroller to read and calculate the RMS values from a three-phase AC voltage measurement circuit (line-to-line or phase voltage of grid). Following this, the microcontroller sends the measuring data by Bluetooth to an Android smartphone application. The Bluetooth shield V2.0 was used as a wireless communication instrument between the SDPEM and the smartphone or tablet application. The smartphone monitoring application was a new application designed by the open-source developed program (MIT App Inventor 2) to monitor the three-phase AC voltage results from a safe distance. The safe distance depends on the type of Bluetooth device used. The main advantages of the SDPEM system are low cost and safety.
Introduction
Over the past few years, mobile devices have evolved very quickly and have become more than just a means of communication between individuals due to the different technologies that these devices now have that enable them to communicate with surrounding devices. Some of these technologies are present in mobile devices such as Wi-Fi, Bluetooth and Infrared. Different types of communication technologies were integrated with the smart monitoring of measurements and control devices [1] - [7] . In addition, many types of control systems based on Arduino are presented in [4] , [5] , [8] - [14] .
Measuring and protection circuits are one of the primary aspects of all power electronic systems. In this paper, a new design of a three-phase AC voltage monitoring system is presented as shown in Fig. 1 . This system is called a 'Smart Distance Power Electronic Measurement' (SDPEM) system and can be divided into three parts: measurement circuit, wireless communication system and Android smartphone monitoring application. The first part, the measuring circuit, can be subdivided into two parts: 1) A differential voltage reduction circuit [15] , [16] used as an operational amplifier to step-down the grid voltage into an AC voltage of less than 5 volts since the microcontroller cannot read a voltage larger than 5 volts; 2) An Arduino UNO R3 [17] , which functions as a microcontroller used to measure the three-phase voltage from the step-down circuits and then calculate the RMS of the voltages before sending the data to an Android smartphone instrument. The second part is a Bluetooth shield V2 which functions as a wireless communication system between the control circuit and the smartphone [18] while the last part is the Android monitoring application, which, in this paper, is a new application software made by using an MIT App Inventor 2 platform to monitor the received data from the control system [19] - [23] . This platform is an open-source, block-based environment application released by Google for creating Android smartphone and tablet applications. The main advantages here are low circuit cost and increased safety for supervision.
The paper is organised as follows: section two presents the system architecture of the SDPEM; section three presents a description of the hardware and software architecture of the SDPEM and section four presents the results and discussion on the practical system and smartphone application. Finally, section five presents the conclusion of the paper.
System Architecture
The block diagram of the smart distance power electronic measurement system (SDPEM) is shown in Fig. 1 . The SDPEM is designed to ensure easy interaction between human and machine. The system can be divided into two parts: a three-phase voltage measuring system and a monitoring system. The Arduino UNO R3 works as a controller between the three-phase voltage measuring circuit and Bluetooth, as a wireless communication system, constitutes the three-phase voltage data access system. The Arduino UNO controls the Bluetooth before receiving the data to be displayed on a smartphone in real time from a safe distance. 
Control Model
The control system can be divided into three parts:
1. A step-down voltage circuit: this circuit was connected between the three-phase high voltage system and the microcontroller. 2. Arduino Uno R3: the Arduino works as a microcontroller to measure the voltage and calculate the RMS values of three-phase voltage before sending the measuring data via a wireless communication system. 3. Bluetooth: this functions as a wireless communication system between the SDPEM system and the Android smartphone application (human).
Smartphone Application
This is a new application software designed to monitor the measuring data from the three-phase system.
Hardware and Software Architecture
In this part of the paper we will discuss the two important parts of the SDPEM system, which are the control system and the monitoring system.
Hardware Architecture (Control Model)
The hardware of the SDPEM system model can be subdivided into three parts: the AC measurement circuit; the Arduino UNO R3 and the Bluetooth shield V2. The first part provides three-phase isolated circuits for measuring the voltage of the three-phase system. The second part functions as a microcontroller to read and calculate the RMS values of the voltages before sending the data to monitors via Bluetooth. The last part, the Bluetooth shield V2, functions as a wireless communication system between the three-phase system and the smartphone monitoring system.
AC voltage measurement circuit
There are two methods to step down AC voltage to a low alternating AC voltage, which should not have a peak value of greater than 5V. These two methods are:
1.
Step-down potential by using a transformer 2.
Step-down potential by using a difference amplifier Method two (difference amplifier) is shown in Fig. 2 and was used as the measurement circuit stepdown voltage for this paper. This circuit is designed to step down voltage to less than 5V and measures the voltage less than 400V A.C. It also removes the common mode voltage. The capacitors C1 and C2 compensate for the parasitic capacitance of the high voltage resistances. 
Arduino Uno R3 controller
The Arduino Uno R3 board, which is shown in Fig. 3a , functions as a microcontroller for the SDPEM circuit. The Arduino UNO is an ATmega328 microcontroller that has six analogue input pins (A0-A5), 14 digital input/output pins (six of these 14 can be used as PWM output pins) with 16 MHZ as Clock Speed. The main properties of the Arduino Uno R3 board are shown in Table I . 
The Bluetooth Shield V2.0
For this paper, the Bluetooth Shield V2.0 module (Fig. 3b ) is used as a wireless serial data communication system between the Android Application device and the Arduino UNO R3 board. The PCB Antenna of this Bluetooth is on board and the main properties of the Bluetooth Shield V2.0 board are shown in Table II . 
Software Architecture
The software of the SDPEM system is divided into two programs: a control system program and a monitoring application program.
The control program of the SDPEM system
The first program, the control program or the Arduino UNO R3 program, is used to measure and calculate the RMS values of the three-phase voltage from the step-down circuit before sending the data via Bluetooth to the monitoring application. The Arduino software (IDE) is an open source platform and is easy to use for writing code. Fig. 4 shows the main screen of the Arduino software (IDE) with the main program of the control system. A flow chart of the control program is presented in Fig. 5a .
The monitoring program of the SDPEM system
The second program is a monitoring program for smartphone applications. This program was designed by an MIT App Inventor 2. The MIT app Inventor 2 main screen, shown in Fig. 6 , is an open-source online software released by Google for creating smartphone Android applications. This app is an environment-based block for creating Android applications. An MIT App Inventor project consists of a combination of ingredients (e.g. texts, images and buttons) and a program that determines their behaviours. Fig. 5b shows the flow chart of the smartphone application program. 
Results and Discussion
In accordance with the single-phase AC measurement circuit shown in Fig. 2 , the Matlab simulation of the three-phase step-down voltage circuit is carried out and is shown in Fig. 7 . The input and output signals of the three-phase step-down circuit is clearly presented in Fig. 8 . Meanwhile, Fig. 8a shows the input and output voltage with 220V as a supply input and Fig. 8b presents the results with a 400V supply input. The final practical circuit is shown in Fig. 9 . Here, the circuit of the three AC step-down voltage is connected to the analogue input ports of the Arduino UNO R3 (A0, A1 and A2). Following this, the Arduino reads all measuring data in a specified time to calculate the RMS values and then sends this data via the Bluetooth shield 2.0 to an Android smartphone or tablet application. The band rate of Bluetooth communication and Arduino UNO R3 is 9600 bits/second.
The Android application of the SDPEM is shown in Fig. 10a as the main screen of the application before Bluetooth connection and Fig. 10b shows it after connection with the measuring data. Meanwhile, Fig.  10c and Fig. 10d show additional explanation screens displaying information on the conference, circuit and abstract of the paper.
(a) 
Conclusion
This paper presented a new Android smartphone or tablet application using the MIT App Inventor 2 platform for monitoring the AC voltage from a three-phase system. The AC circuit measures the output voltage of a three-phase inverter or grid voltage (voltage measured until 440V AC) and an Arduino Uno R3 functions as a controller to measure and calculate the high voltage signals before sending the data via Bluetooth shield 2.0 to a smartphone or tablet application. This method is accurate and involved low costs in addition to being safer since any individual monitoring the process does not need to be near the electricity board in order to read the three-phase voltages.
